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Abstract
Background: Immune responses in elderly will decline with increasing age, which eventually leads to
increased susceptibility to infections. Respiratory tract infections such as pneumonia are the leading
cause of death and decreased quality of life in the elderly. Pneumococcal vaccination is highly recommended by the WHO for the elderly, but previous report showed a poor response. Currently there is still
limited data about the effect of pneumococcal polysaccharides (PPV-23) vaccination to the serum pneumococcal-specific IgG levels in the elderly.
Objevtives: To determine the effect of the PPV-23 vaccination on the serum pneumococcal-specific
IgG levels in elderly hajj pilgrims in Indonesia.
Methods: This is a pre-posttest study involving healthy older hajj pilgrims recruited from 5 community health centers in Gresik, East Java, Indonesia during the 2012 hajj season. All eligible subjects gave
their written consent. PPV-23 vaccination were given before depature. Serum pneumococcal-specific IgG
levels were measured using ELISA method before and 4 weeks after the vaccination.
Rsults: We recruited 21 elderly hajj pilgrims (age > 60 years), consisted of 12 females and 9 males.
The median serum pneumococcal-specific IgG levels before vaccination was 2029 mU/mL (range: 4412918 mU/mL), which significantly increased to 3251 mU/mL (range: 2251-8110 mU/mL) after vaccination. The median increase in serum pneumococcal-specific IgG levels was 1222 mU/mL which was statistically significant (p = 0,000; Wilcoxon test).
Cnclusion: Vaccination with pneumococcal polysaccharides (PPV-23) significantly induce an increase
in the serum pneumococcal-specific IgG levels in Indonesian elderly hajj pilgrims.
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Introduction
According to the World Health Organization
(WHO) elderly population is defined as people with
> 60 years old. The number of elderly population is
growing in many parts of the world. Current population of Indonesia is 225,000,000, and 7.6% of which
or 17,100,000 persons are the elderly. By 2025 it is
estimated that Indonesia’s elderly population will
be around 13.1% of the population (1). The immune
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response in the elderly will decline with age which
known as immunosenescence. Clinical implications
of immunosenescence include increased susceptibility to infection and poor response to vaccination
(2). Elderly are particularly susceptible to respiratory infections, especially pneumonia, which is the
leading cause of death and the most significant
cause of the decline in quality of life (3-6). The elderly individuals who perform hajj pilgrimage have
a high risk of developing pneumonia infection due
to high transmission factors and extreme weather.
Pneumonia is the most commonly acquired infection in elderly hajj (7). Another study in 2003 reported that 19.7% of the subjects got pneumonia,
and 1 patient died due to pneumonia (8).
In the elderly, the decreased immune response lead
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to more severe infections. That is why the vaccination
to prevent infection, especially pneumonia, becomes
very important (4). Unfortunately, the effectiveness of
pneumonia vaccination in the elderly is still debatable.
Meta-analyses failing to provide robust evidence on
vaccine efficacy against invasive pneumococcal disease (IPD) or pneumonia. The signs and symptoms of
pneumonia in the elderly are often atypical which
often lead to a delay in diagnosis. This situation have a
very significant impact, such as longer treatment periods, higher maintenance costs, and frequent complications that often arise (3-6, 9).
The immune response to pneumococcal vaccination can be measured by various parameters such as
the increase in serum pneumococcal-specific IgG
levels or the protective effects of vaccination on the
incidence of pneumonia infection. The immune response to the pneumococcal polysaccharide vaccine
(PPV-23) in various age groups, including the elderly, had been studied previously (10). The effectiveness of vaccination can be evaluated by conducting clinical trials, which is not easy to do (11).
The evaluation of serum pneumococcal-specific
antibody levels after vaccination can be measured
with ELISA (3, 10-12). The results of previous studies are conflicting and discordant. Our study aimed
to determine the effect of the PPV-23 vaccination on
serum pneumococcal-specific IgG levels in elderly
individuals who will perform the hajj pilgrimage
and evaluate the incidence of pneumonia infection
during the hajj pilgrimage.
Methods
This was a pre-post test clinical study in Indonesian elderly hajj pilgrims conducted at 5 community
health centers in Gresik and Kebomas sub-district,
Gresik regency, East Java Indonesia during the 2012
hajj season between September-November 2012.
Using simple random sampling method, we recruited the study subjects. Eligible subjects were
individuals aged >60 years old who agree to have
pneumococcal polysaccharide (PPV-23) vaccination and willing to give their written consent. Subjects with one or more of the following conditions,
i.e. have a history of allergy to components of the
vaccines, diabetes mellitus, chronic obstructive pulmonary disease, heart failure, history of alcohol
consumption, active smokers, received long-term
corticosteroid drugs, immunodeficiency condition
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(such as HIV infection or malignancy), and patients
with malnutrition, were excluded from the study.
Serum pneumococcal-specific IgG levels were measured using ELISA method (ZenTech S.A., Liege
Science Park 4031, Angleur, Belgium) before and 4
weeks after PPV-23 vaccination (Pneumovax 23,
Merck Sharp & Dohme Corp., Whitehouse Station,
NJ, USA). We use the World Health Organization
(WHO) recommended guideline for quantification
of IgG antibodies specific to pneumococcal PS
(PnPS) for laboratory ELISA examintation as described elsewhere (12). All of the adverse effects of
PPV-23 vaccination were collected and recorded.
Data with normal distribution were analyzed
using paired t-test, while data with abnormal distribution were analyzed using Wilcoxon test. The
statistical test was done using SPSS 12 program
(SPSS, Inc., Chicago, IL.). The results were considered significant when p value <0.05.
Results
There were 21 subjects from 5 community
health centers in Gresik regency that fulfilled the
inclusion and exclusion criteria and can be followed-up until the end of this study (4 weeks). The
majority of them was female (57.1%). The median
of the age of the study subjects was 63 years
(range: 60 – 76 years). In general, there were no
significant electrocardiogram (ECG) abnormality
Table 1.
Characteristics of study subjects
%
Median
(n = 21)
(min-max)
63
Age (year)
(60-76)
24.0
Body mass index (kg/m2)
(18.5-30.5)
13.5
Hemoglobin (gr/dL)
(10.0-15.6)
7500
Leukocytes count (µL)
(4000-10.900)
262,000
Platelets count (µL)
(150,000-377,000)
126
Fasting blood sugar (gr/dL)
(94-164)
Electrocardiogram
Normal
90.5%
Old miocardial infarction
4.8%
Right bundle branch block
4.8%
Chest-X ray
Normal
100%

Variables
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and the chest-X ray were normal. Other characteristics of the subjects were summarized in Table 1.
Pre and post-vaccination serum pneumococcal-specific IgG levels
Vaccination with PPV-23 significantly increase
the level of serum pneumococcal-specific IgG in elderly hajj pilgrims. The increase in antibody level
were observed in 18 subjects (85.7%). The data had
an abnormal distribution. Median pre-vaccination
serum pneumococcal-specific IgG level was 2029
mU/mL. After vaccination, the median was increased to 3251 mU/mL (Table 2). This change was
statistically significant (p=0.000, Wilcoxon test).
Adverse effects of PPV-23 vaccination
After PPV-23 vaccination there were some
minor adverse effects reported by study subjects.
Three subjects reported the presence of fever
(14.2%), and one subject suffered from pain
(4.76%) or itchy (4.76%) at the sites of injection.
The majority of the subjects (85.7%) had no complaints. At the end of the study period, only one
subject reported that he suffered from acute upper
respiratory tract infection during the hajj pilgrimage (Table 3).
Prevention of respiratory infection and pneumonia after PPV-23 vaccination
After PPV-23 vaccination there was only one subject (4.76%) reported to have acute upper respiratory
Table 2.
Pre- and post-vaccination serum
pneumococcal-specific IgG

Pre-vaccination
Post-vaccination

median
(mU/mL)
2029
3251

min-max
441- 2918
2251 - 8110

Table 3.
Adverse effects and incidence of illness after
PPV-23 vaccination
Parameters
n
Adverse effects
Reported adverse effect
3
Fever
1
Pain at injection site
1
Itching at injection site
1
Reported no adverse effect
18
Incidence of illness
Acute upper respiratory tract infections 1
Pneumonia (hospitalized)
1
Reported no major illness
19

%
14.2
4.76
4.76
4.76
85.7
4.76
4.76
90.48
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tract infection and one subject (4.76%) suffered from
pneumonia and hospitalized at Saudi Arabia during
the hajj pilgrimage. Most of the other subjects
(90.48%) did not have any complaints (Table 3).
Discussion
Our study evaluated the serum pneumococcalspecific IgG before and after pneumococcal polysaccharide (PPV-23) vaccination in elderly Indonesian hajj pilgrim. The results showed that PPV23 vaccination significantly increase the antibody
levels and quite protective. Only one PPV-23 vaccinated subject suffered from pneumonia and hospitalized during the study period.
Although only involving a relatively small samples, the gender composition in our samples (57.1%
females compared to 42.9% males) was consistent
with the gender composition of the elderly population in Indonesia. According to elderly demographic
data in Indonesia in 2013, there were 15,454,360
elderly population which consisted of 7,963,594 elderly females (51.5%) and 7,490,766 elderly males
(48.4%). This data showed that our samples were
really represent the elderly Indonesian population.
The median age of our study subjects was 63
years (range: 60-76 years). This data also showed
concordance with the data of the 2012 hajj pilgrims
at Gresik district health office, where 305 elderly
pilgrims (14.98%) participated from a total of 2035
hajj pilgrim from the area in that year. In the 2003
hajj pilgrimage season, as many as 808 pilgrims had
to be hoptilazised in Mina and Arafah of Saudi Arabia due to severe illness, in which 47 persons of
them (5.8%) were Indonesians. The majority of the
hospitalized hajj pilgrims (309 persons or 38.2%)
were elderly people (age >60 years). Pneumonia
was detected and diagnosed in 159 persons (19.7%),
resulting in 1 death from pneumonia (8).
Regarding other factors that may influence the
health and the immune status of the study subjects,
the median body mass index (BMI) in our study
was 24.00 kg/m2 (ranged: 18.5-30.5 kg/m2) which
is fall within normal category, and indicates an adequate nutritional status. Our study subject also
had normal leukocyte count, showing that they
were healthy old individuals. With these conditions we can expect a good response to vaccination
although they belong to the elderly persons.
The immune response to PPV-23 vaccines in vari-
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ous age groups, including the elderly had been studied previously (11). The antibody response to PPV
had been investigated as a marker of vaccine protection. Pneumococcal serotype-specific antibodies that
provide protection in vaccinated people are the antibodies to capsular polysaccharides (CP) (13, 14). For
the evaluation of PPV-23 vaccination in this study,
we measured the pneumococcal-specific IgG in the
serum using ELISA method as has been done in some
previous studies (3, 10-12). There were significant
increase in median serum pneumococcal-specific
IgG levels from 2029 mU/mL (range: 441-2918 mU/
mL) before vaccination up to 3251 mU/mL (22518110 mU/mL) after vaccination (p=0.000).
Until now there were still no consensus on the
level of serum pneumococcal-specific IgG needed
to provide protective effect against S. pneumoniae
(16, 17). Serum pneumococcal-specific IgG levels
between 0.1-3.5 μg/mL proved to have a protective
effect against S. pneumoniae infection in vivo
(16). Our study showed that after PPV-23 vaccination in the elderly, the median serum pneumococcal-specific IgG levels was 3251 mU/mL (range:
2251-8110 mU/mL), and can be considered as
quite effective because only one subject (4.76%)
had pneumonia infection during study period. This
findings was also concordant with the results of
another study comparing specific IgG concentration in 46 healthy elderly and 12 young individuals
after PPV-23 vaccination. Mean pre-vaccination
specific IgG concentrations in the elderly was 2.5
μg/mL which increased to 5.1 μg/mL after vaccination (10). Despite serum pneumococcal IgG
level increase in elderly individuals at 3 weeks
after PPV-23 vaccination, the IgG levels of elderly
persons still lower than younger individuals. Research on 53 elderly individuals without control
showed an increase in mean serum pneumococcal
IgG level at 4 weeks after vaccination from 3.77
μg/mL to 8.20 μg/mL (12). These suggest that antibody response to PPV-23 vaccine in elderly population was still adequate.
In our study, the PPV-23 vaccine was generally
safe and cause only minor adverse effects such as
fever, pain and itching. The majority (85.7%) of our
study subjects had no complaints after vaccination.
This is consistent with the study on 9336 elderly individuals in Northern Ireland, in which 4581 subjects received influenza vaccination alone and 4775
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subjects received influenza and pneumococcal vaccinations. Around 72% (95% CI: 71-80%) of subjects that received influenza and pneumococcal vaccines suffered from mild local adverse events, 19%
(95% CI: 15-23%) of them had moderate adverse
events, and only 5% (95% CI: 4-8%) had severe adverse events. Systemic side effects such as fever
were observed in 4.32% of the subjects receiving
influenza and pneumococcal vaccinations (18).
Our study was also aligned with another study of
139 elderly individuals who received influenza and
pneumococcal vaccination. Twenty nine individuals
reported adverse effects, 12.9% of them experienced
local side effects (pain, erythema, and hematoma)
and 12.9% of them suffered from systemic side effects (fever, headache, arthralgia, myalgia) (19).
In our study, only one subject (4.76%) had
pneumonia infection and hospitalized during hajj
pilgrimage, showing a good protective effect
against pneumococcus. Our finding was consistent
with the study of Consonni et al., which reported
that only 2.15% of their elderly subjects admitted
to hospital due to pneumonia (19). This was also
consistent with the meta-analysis done on 13 clinical trials involving 65,000 patients, 7 clinical trials
on elderly subjects showed that pneumonia vaccination using pneumococcal polysaccharide vaccine (PPV-23) can be expected to reduce the risk of
systemic infection due to pneumococcal types included in the vaccine by 83% and systemic infection due to all pneumococci by 73% (20). We also
come to the same conclusion that there was no evidence that the vaccine was less efficacious for the
elderly, as previously thought.
In the elderly, there are several known risk factors for community-acquired pneumonia including
the decline of the immune function. Many aspects
of the body defense are declining in the elderly: reduced capability to produce antibodies, reduced
mucocilliary clearance, and changed respiratory
mechanic. Besides the presence of comorbids that
predispose to bronchial aspiration (such as stroke),
all of those factors may contibute to the high incidence of bronchial aspiration in the elderly. Bacterial colonization of the upper respiratory tract by
gram-positive and gram-negative bacteria are often
found in elderly individuals and are associated with
the severity of systemic disease. Comorbid diseases
such as chronic obstructive pulmonary disease, im-
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munosuppressant drug use, smoking, heart failure,
diabetes mellitus, malignancy, and history of previous hospitalization due to CAP are the independent
risk factors for the occurrence of pneumonia. this
disease (22, 23). In our study, all of those risk factors were screened and excluded, which might contribute to the low incidence of pneumonia in our
elderly subjects. Nevertheless, the increase in serum
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pneumococcal-specific IgG levels after PPV-23
vaccination in our study was a prove that this vaccine was not less efficacious for the elderly.
Conclusion
Vaccination with pneumococcal polysaccharides
(PPV-23) significantly increase serum pneumococcal-specific IgG levels in elderly hajj pilgrims and
prevent them against pneumococcus infection.
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